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[57] ABSTRACT 

A compact, simplified, totally pneumatic demand valve 
designed for coupling between a source of pressurized 
gas and a recipient user is provided which achieves a 
high degree of sensitivity and flow control without 
expensive, bulky valving arrangements characteristic of 
prior demand valves. Preferably, the demand valve 
includes a valve body presenting a gas flow passage* 
way, together with pneumatically coupled sensing and 
slave diaphragms; the slave diaphragm is interposed in 
the flow passageway and prevents gas flow during the 
exhalation phases of the patient's breathing cycle. Dur- 
ing inhalation sensed by the sensing diaphragm, the 
slave diaphragm is shifted to open the gas flow passage- 
way in the valve, thus permitting passage of gas to the 
patient. The valve is designed for coupling to a fixed 
orifice flow controller, which may be positioned either 
downstream or upstream of the valve as desired. 

27 OaimSy 1 Drawing Sheet 
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tion to the recipient. The valve body further has an 
PNEUMATIC DEMAND OXYGEN VALVE internal sensing chamber having a port adapted for 

coupling to the recipient for transmission of the chang- 
This is a continuation of application Sen No. ing pressure conditions induced by the recipient's 
07/787,775, filed Nov. 6, 1991, now abandoned; which 5 breathing to the sensing chamber. In practice, a dual 
is a continuation of application Scr. No. 07/680,028, lumen cannula is coupled to the device of the invention, 
filed Mar. 28, 1991, now abandoned; which is a continu- with one of the lumen being a gas supply passageway 
ation of application Ser. No. 07/305,446, filed Feb. 1, for delivering quantities of oxygen on a demand basis. 
1989, now abandoned; which is a continuation of appli- The remaining lumen is connected to the aforemen- 
cation Scr. No.07/027,943, filed Mar. 19, 1987, now 10 tioned sensing chamber port and leads to the nasal cavi- 
abandoned. ties of the patient, whereby to transmit to the sensing 

BACKGROUND OF THE INVENTION tr^ni^StSS"" 

1. Field of the Invention The demand valve also includes sensing means in the 
The present invention is broadly concerned with a 15 form of only a single shiftable diaphragm operatively 

demand-type pneumatic valve particularly adapted for disposed in and forming a part of the sensing chamber 

administering medicinal gas, normally oxygen, to a and shiftable between a position corresponding to inha- 

patient undergoing respiratory therapy. More particu- lation by the recipient, and a position corresponding to 

larly, it is concerned with a compact, to tally pneumatic exhalation by the recipient. Such shifting is in response 
demand valve useful in a wide variety of contexts, in- 20 to the pressure conditions within the sensing chamber 

eluding hospital, home care and ambulatory settings. induced by the recipient's breathing and transmitted 

2. Description of the Prior Art through the aforementioned cannula lumen. 

The traditional approach in administration of a me- The overall demand valve further includes a slave 
dicinal gas such as oxygen is to connect the patient via diaphragm operabiy interposed in the gas flow passage- 
a cannula to a source of pressurized gas, with the gas 23 way and movable between a gas flow-blocking position 
being administered on a more or less continuous basis. and a gas flow-permitting position. In the gas flow- 
In the case of oxygen, however, studies have indicated blocking position, the slave diaphragm engages an adja- 
that, in the continuous administration mode, significant cent seat forming a part of the gas flow passageway 
quantities of oxygen are lost. That is to say, during the through the body, and resists the forces exerted there- 
normal breathing cycle, the patient will inhale, exhale 30 against by the pressurized gas. Means generally in the 
and pause before beginning the next inhalation; as a form of a small pilot passageway or orifice is provided 
consequence, oxygen delivered to the patient during the for passing pressurized gas to a region adjacent the 
exhale and pause portions of the breathing cycle are other face of the slave diaphragm, i.e., the face remote 
essentially wasted. from that engageable with the passageway seat, so that 

In response to this problem, it has been known in the 35 the pressurized gas exerts pressure against both faces of 

past to provide valves of the so-called demand type, i.e., the slave diaphragm. 

valves adapted to open only during the inspiration per- Finally, the valve includes means operatively cou- 

iod of the patient's breathing cycle. Thus, U.S. Pat. No. pUng the sensing diaphragm and the slave diaphragm 

4,054,133 to Myers describes a demand-type valve of for movement of the slave diaphragm from the flow- 

the pneumatic variety. 40 blocking position thereof to its now-permitting posi- 

The Myers valve makes use of a sensing diaphragm tion, in response to shifting of the sensing diaphragm 

arrangement made up of a pair of interconnected flexi- from the exhalation to the inhalation positions thereof, 

ble diaphragms which cooperatively define a chamber. Correspondingly, the coupHng means provides for 

An adjustable spring engages one of these diaphragms movement of the slave diaphragm from the flow-per- 

in an attempt to provide a measure of sensitivity con- 45 mittmg to the flow-blocking positions thereof in re- 

trol. Moreover, the Myers device includes a rather sponse to shifting of the sensing diaphragm from the 

complicated arrangement associated with the dual dia- inhalation to the exhalation positions. This diaphragm 

phragm structure designed to prevent the wastage of coupling means preferably includes a port separate from 

control volumes of gas, which typically may account the patient outiet and leading to the atmosphere for 

for only 4 or 5% of the volume of gas used. As a conse- SO passage of pressurized gas from the region adjacent the 

quence, the Myers design is mherently costly, and is other face of the s lave diaphragm to the atmosphere, 

believed prone to malfunction because of the inability to upon shifting of the sensing diaphragm from the exhala- 

precisely respond to the changing pressure conditions tion to the inhalation positions. Also, spring means is 

induced during the patient's breathing cy<de. provided for engaging the slave diaphragm and biasing 

Thus, while the concept pf a demand valve is known, 55 the same in a preselected direction. The combination of 

there is a real and unsatisfied need in the art for a simpli- atmospheric venting and spring means serves to give 

fled, low cost, compact pneumatic demand valve. precise coupling between the sensing and slave dia- 

SUMMARY OF THE INVENTION ^^^n^rticularly preferred forms, the relief passageway 

The demand valve of the invention overcomes the 60 is provided for communicating the adjacent faces of the 
noted difficulties and provides a grcatiy improved pneu- sensing and slave diaphragms, with the relief passage- 
matic demand valve designed for coupling between a way presenting a seat for engagement by the sensing 
source of pressurized gas, such as oxygen, and a breath- diaphragm. Advantageously, the ratio between the ef- 
ing gas recipient, in order to supply gas to the recipient fective area of the sensing diaphragm, and the effective 
as needed on a demand basis. The demand valve 63 area presented by the relief passageway seat, is at least 
broadly includes a body presenting a gas flow passage- about 35,000 to L This relatively large ratio is afforded 
way there through having an inlet adapted for connec- by precision drilling of the appropriate relief passage- 
tion to the gas source and an outlet adapted for connec- way in the valve body, and makes it possible to signifi- 



02/27/2004, EAST Version: 1.4.1 



5,360,000 

3 4 

cantly reduce the size of the overall valve while at the ate and lower body components respectively numbered 

same time enhancing the sensitivity thereof. As used 44, 46 and 45. The components 44, 46, 48 are intercon- 

herein, the sensitivity of the valve apparatus refers to nected by means of screws 50 or other appropriate 

the pressure level required in the sensing cavity of the fasteners, in order to present a complete valve housing, 

valve to induce movement of the sensing and slave 5 In more detail, it will be seen that the upper body 

diaphragms from a flow-preventing to a flow-permit- component 44 is in the form of a substantially planar, 

ting position. circular in plan plate 52 presenting a lower chamber- 

BRIEF DESCRIPTION OF THE DRAWINGS defining wdUurface 53 and a central, internal, depend- 

ing stop 54. The nghthand edge of plate 52 as shown m 

FIG. 1 is an elevational view with parts cut away 10 piG. 2 is bored for reception of the elongated tubular 

showing a complete demand valve/flow controller in 22. 

accordance with the invention, with a dual lumen can- Intermediate body component 46 is designed to mate 

nula operatively coupled to the valve/flow controller upper component 44, and accordingly includes an 

apparatus; upper wall surface 56 which, in conjunction with lower 

FIG. 2 is a fragmentary, enlarged view m vertical 15 surface 53 of component 44, defines an internal 

section illustrating the mternal construction of the pre- ^^^ess 58. Furthermore, the intermediate component 46 

ferred deniand valve; . , , , includes a circular, essentially square in cross-section 

FIG. 3 IS an essentially schematic, verUcal sectional ^.^annel 60 in surrounding relationship to recess 58. 

view depicung the preferred demand valve device, ^ ^^^^ diaphragm 62 is located within recess 58 

shwndimng exhalation; , ^ . . and is in the form of a circular, unbiased elastomeric 

nG.4isaviewsimdartothatofnG.3,b^ ^ ^^^^ reinforcing element therewithin, 

the operation of the demand valve durmgmhalation; ^ downwardly extending, semicifcular in cross-section, 

FIG 5 k an essen^y schanatic, yert^J sectiona^ .^^^ ^ an essentially square in cross-sec 

view illuswting another embodunent of the demand tion^)utermost peripheral cornieddoS rib 68. As Ulus- 

valve of the mventt<^ shov^ dunng the exhalaUon 25 ^^^^^^^ ^ ^^^^ ^^^^^ ^ 

'na6^^^^^ Pletediaphragm62ism^^^ 
the operation of the demand valve during inhalation. ^^ZTS^fJ^^^^^ 

DESCRIPTION OF THE PREFERRED jq The sensing diaphragm 62 in effect divides overall 
EMBODIMENTS recess 58 into an upper sensing chamber 70 and a lower 

Turning now to the drawing, a complete breathing relief passageway 72. The port 22 isin communication 
assist apparatus 10 in accordance with the invention is ff^^^ ^^^^ component 44 

iUustrated in FIG. 1. Broadly speaking, the device 10 is « bored as at 74 to present an outlet or rehef port com- 
in the fonn of a combined demand valve/flow control- 35 niumca.tmg witfi pa^geway 72 and tte atoiosphere. 
ler unit 12 having a demand valve 14 operatively cou- mtcnnediate body portion 46 is further provided 

pled with a selectable, multiple orifice flow controller with a central, stepped bore 76. The bore 76 presents a 
k The demand valve includes an inlet 18 adapted for lowermost, radially expanded section 78, an upright 
connection to a source of oxygen or other medicinal sprmg-receivmg section 80, and an uppermost section 
gas, illustrated by arrow 20. Valve 14 also has a sensing 40 presentmg a bore 83 therethrough. An axially bored 
port 22 which is important for reasons to be described. member 84 is seated within bore 83, with the bore 86 
The flow controller 16 on the other hand is of conven- therethrough tennmating m an uppermost restricted 
tional construction and includes a gas outlet 24 adapted seat portion 88. 

to supply gas to a recipient. FinaUy, it will be observed that intermediate body 

The overall assist apparatus 10 further includes a dual 45 portion 46 is provided with an angled bore 90 leading 
lumen cannula 26 having a pair of elongated flexible ^om expanded section 78 to the lower wall surface 92 
tubes in the form of a gas supply tube 28 and a sensing presented by body component 46, The terminus of bore 
tube 30. The gas supply tube 28 is operatively con- ^ is radially outwardly spaced from the expanded 
nected to outlet 24 as shown, and, adjacent the recipi- lower section 78 of bore 76, for reasons to be described, 
ent, divides atjuncture 32 to present two branch legs 34, 50 The lower body component 48 includes an upper 
36. The latter are interconnected by means of a nasal wall surface 94, an opposed lower surface 96, and a 
delivery structure 38 including a pair of spaced apart depending circular flange 98. The flange 98 is adapted 
gas delivery tubes 40 respectively insertable into the to inteiflt with the upper end of flow controller 16 and 
patient's nasal cavides. The sensing tube 30 is opera- to be connected thereto by means of fasteners 100. 
tiveiy coupled to port 22 as dq>icted, and, adjacent the 5S The lower body component is provided with an inlet 
recipient, divides at juncture 41 to present two branch bore 102 adapted to receive the inlet tube 18. The inlet 
legs 41a and 41^; these legs are in turn connected to bore 102 in turn communicates with an upright, circular 
structure 38 as shown. A pair of short sensing tubes 42 in cross-section pressurized gas chamber 104 which 
are respectively located within the spaced delivery aligns with radially expanded section 78 of intermediate 
tubes 40 as shown, and these are coupled with the legs 60 body component 44 as iUustrated. An angled pilot bore 
41a, 41& The function of sensing tube 30 is to convey 106 extends radially outwardly from the gas chamber 
and transmit, via the tubes 42 and the remainder of the 104 and terminates in opposed relationship to the end of 
tube body, the pressure conditions induced during the bore 90 provided in intermediate body component 44. 
patient's breathing efforts, such pressure conditions The upper wall surface 94 is relieved as at 108 and 
being transmitted to port 22. 65 receives an O-ring 110 as well as an apertured metallic 

Attention is next directed to FIG. 2 which illustrates disc 112. In this fashion, compression of the body com- 
in detail the preferred demand valve 14. Speciflcally, ponents 46, 48 serves to create a seal and hence a contin-* 
the valve 14 includes interconnected upper, intermedi- uous gas flow passageway between chamber 104 and 
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the expanded section of bore 76; the importance of the quence of operation, and this together with spring 118 

feature wiU be explained hereinafter. closes the overall gas flow passageway through the 

The slave diaphragm 114 is situated atop and defines demand valve 14. 
the upper surface of gas flow chamber 104. The dia- During inhalation however (see FIG. 4), the negative 
phragm 114 includes an upstanding semicircular in 5 pressure as indicated by arrow 127 induced within 
cross-section marginal bead and is of elastomeric con- chamber 70 causes sensing diaphragm 62 to raise from 
struction. The diaphragm 114 further is held in place by engagement with seat 88. This establishes communica- 
compression between the adjacent surfaces of body tion between biasing chamber 125 and relief passage- 
components 44, 46, and for this purpose, upper surface way 72. As a consequence, the biasing gas wathin cham- 
94 of lower body component 48 is appropriately re- 10 ber 125 passes into the passageway 72 and is immedi- 
lie ved as at 95 to receive the outermost marg^ edge of ateiy exhausted to the atmosphere through communi- 
the diaphragm 114. eating passageway 74. When this occurs, the pressure 

A metallic actuator body 116 is in engagement with within chamber 104 is sufficient to raise slave dia- 

the upper surface of diaphragm 114 and includes an phragm 114 from seat 124, thereby opening the gas flow 

upright central section. A biasing spring 118 receiving IS passageway through the valve and permitting gas to 

the central section of the body 116 is interposed be- travel from chamber 104 through flow path 122 and 

tween the latter and the upper portion of body compo- into flow controller 16. As described above, the flow 

nent 44 defining the aperture 82. This serves to bias controller 16 is of conventional design and includes 

diaphragm 114 downwardly as will be readily apparent. selectable fixed oriflce means schematically referred to 

The lower body component 48 has an innermost, 20 by the throat 128; the flow controller creates, during 

central, upstanding, annular wall 120 which defmes a inhalation, a fixed back pressure within the demand 

central gas flow path 122 and an uppermost diaphragm valve downstream of slave diaphragm 114. 

seat 124 of reduced cross-sectional dimensions. FIGS. 5 and 6 illustrate another embodiment in ac- 

As noted, diaphragm 114 serves as the uppermost oordancc with the invention which is in many respects 

wall of gas chamber 104. This diaphragm also serves as 25 identical with that shown in FIGS. 3 and 4, and accord- 

the bottom or lower wall of a biasing chamber 125 ingly the same reference numerals are employed where 

defined by the stepped bore 76 and the diaphragm itself appropriate, except with a letter designation "a". The 

Here again, the importance of this structure wUl be principal difference between the embodiment of FIGS, 

explained hereinafter. 5 and 6 as compared with the preferred embodiment is 

The flow controller 16 is of entirely conventional 30 that in the second embodiment the flow controller de- 
design and provides a selector (not shown) for selecting vice 16a is upstream of the demand valve 14a. In order 
any one of a number of differently sized, fixed dimen- to provide this type of flow controller/demand valve 
sion orifices which serve to deliver to the patient fixed orientation, the oxygen supply referred to by the arrow 
rates of gas flow, e.g., 2, 4 or 6 liters per minute. 20a first passes through the fixed throat 128a of the flow 

In overall context, it will thus be seen that the de- 35 controller and thence into the path 122a of demand 
mand valve 14 presents a continuous gas flow passage- valve 14a. In terms of internal construction, the valve 
way from the source of pressurized gas to the patient 14a is different in that the slave diaphragm 114a is in- 
outlet. in particular, this passageway (see FIG. 3) is verted as compared with the embodiment of FIGS. 3-4, 
defined by the kilet 18, chamber 104 and flow path 122 i.e., the marginal bead thereof opens upwardly as op- 
leading to the flow controller 16 and ultimately outlet 40 posed to downwardly. Furthermore, the equalization 
24. Slave diaphragm 114 is operably interposed in this orifice 90/106a is located in the center of the diaphragm 
flow passageway, namely by engagement widi the up- and thus communicates with path 122a. Finally, in this 
permo5tendofannularwa]1120. Moreover, the sensing orientation, it is necessary to position biasmg spring 
diaphragm 62 is pneumatically coupled with the slave 118a in surrounding relationship to the annular wall 
diaphragm 114 for operation of the latter in response to 45 120a so as to exen an upward biasing force against slave 
operation of the sensing diaphragm. diaphragm 114a. 

In order to clearly explain the operation of demand The operation of the embodiment of FIGS, 5-6 is in 

valve 14, attention is directed to schematic FIGS. 3 and most respects identical to that described above. Thus, 

4, which respectively show operation of the valve dur- during the exhalation phase of operation illustrated in 

ing exhalation and inhalation. 50 FIG. 5, the pressure conditions within sensing chamber 

Thus, during exhalation (see FIG. 3), the pressure 70a maintain diaphragm 62a in engagement with seat 

within sensing chamber 70 is positive, as indicated by 88a. At this same time, pressurized gas is located within 

arrow 126, such pressure conditions being induced by path 122a and biasing chamber 125a by virtue of pilot 

the patient and transmitted via cannula lumen 30 and orifice 90/106a or its equivalent. This serves to maintain 

port 22 from the patient. In this orientation, it will be 55 slave diaphragm 114a in engagement with seat 124a to 

seen that sensing diaphragm 62 is in engagement with prevent flow of gas to the patient, 

the seat portion 88 of bore 86 thereby effecting a seal When the patient inspires, the negative pressure 

between biasing chamber 125 and relief passageway 72. within sensing chamber 70a causes diaphragm 62a to 

The diaphragm 114 is retained in its sealing orientation lift, whereby biasing gas within chamber 125a passes 

by virtue of two factors, namely passage of gas from 60 into passageway 72a and ultimately to the atmosphere 

chamber 104 through the bores 90, 106 (shown for pur- through communicating passageway 74a. This creates 

poses of simplification in FIGS. 3 and 4 by means of an inequality of forces on the diaphragm 114a, whereby 

pilot orifice 90/106 directly through the diaphragm the latter is Ufted thus opening the gas flow passageway 

itself) so as to substantially equalize pressure against through the valve 114a so that gas may pass through 

both faces of the diaphragm 114, and the biasing of €5 path 122a, chamber 104a and ultimately out the outlet 

spring 118. Thus, pressure equalization is effected be- 24a to the patient. 

cause of the pressurized gas acting simultaneously In both of the above described embodiments how- 

against both faces of diaphragm 114 during this se- ever, it will be seen that the sensing and slave dia- 
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phragms are pneumatically coupled for Operation of the ducted through the supply passageway from the gas 
slave diaphragm in response to movement of the sensing inlet to the gas outlet. 

diaphragm; the latter is in turn moved in response to the 4. The apparatus of claim 3, wherein the conducting 
patient's breathing efforts as transmitted through the means includes an elongated conduit formed to include 

cannula. 5 a portion of the supply passageway, the elongated con- 

A very desirable feature of the invention results from duit includes an inlet end receiving oxygen provided 

its fail safe characteristics. Specifically, a fail safe de- through the gas inlet and an outlet end providing the 
mand device is one that» upon a mechanical failure of valve seat, and the coiled spring winds around the elon- 

one or more components, establishes a continuous flow gated conduit. 

of oxygen to be delivered to the recipient at the pre- 10 5. The apparatus of claim 1, wherein the blocking 

scribed rate. means further includes spring means for urging the 

I claim: second side of the diaphragm valve member away from 

1. An apparatus for controlling discharge of oxygen the valve seat in response to venting pressurized oxygen 
from an oxygen supply source to a patient through a in the first chamber to the atmosphere through the 
breathing line coupled to the patient as the patient in- 15 outlet means. 

hales and exhales, the apparatus comprising 6. The apparatus of claim 5, wherein the spring means 
means for conducting oxygen provided by an oxygen engages the second side of the diaphragm valve mem- 
supply source through a supply passageway having ber. 

a gas inlet for attachment to an oxygen supply 7. The apparatus of claim 5, wherein the spring means 
source and a gas outlet for attachment to a breath- 20 includes a coiled spring and the coiled spring is ar- 
ing line, the conducting means including a valve ranged in the supply passageway to cause pressurized 
seat in the supply passageway, oxygen to pass through the coiled spring as it is con- 
means for storing a supply of oxygen extant in the ducted dirough the supply passageway from the gas 
supply passageway in a first chamber to develop a inlet to the gas outlet. 

pressure head in the first chamber, the storing 25 8. The apparatus of claim 7, wherdn the conducting 

means including inlet means for admitting oxygen means includes an elongated conduit formed to include 

from the supply passageway into the first chamber a portion of the supply passageway, the elongated con- 

and outlet means for discharging oxygen from the duit mcludes an inlet end receiving oxygen provided 

first chamber to the atmosphere, through the gas inlet and an outlet end providing the 

means for selectively blocking flow of oxygen 30 valve seat, and the coiled spring winds aroimd the elon- 

through the supply passageway from the gas inlet gated conduit 

to the gas outlet, the blocking means including a 9. The apparatus of claim 1, wherein the flexible 

flexible diaphragm valve member including a first diaphragm valve member includes an annular perimet- 

• side communicating with oxygen admitted into the ral edge and a circular body portion inside the perimet- 

first chamber and a second side facing the valve 35 ral edge, the circular body portion includes the first and 

seat in the supply passageway, the diaphragm valve second sides, and the circular body portion is arranged 

member being mounted for movement between a to position the first side in the first chamber and to 

flow-blocking position engaging the valve seat in position the second side in the supply passageway and in 

the supply passageway and a flow-delivery posi- confronting relation to the valve seat in the supply 

tion disengaging the valve seat in the supply pas- 40 passageway. 

sageway, the blocking means further includes 10. The apparatus of claim 9, wherein the circular 

spring means for yieldably biasing the diaphragm body portion is made of elastomeric material and the 

valve member toward its flow-delivery position, second side of the circular body portion sealingly en- 

the spring means lying in the supply passageway, gages the valve seat upon movement of the diaphragm 

and 45 valve member to its flow-blocking position under a 

control means for closing the outlet means in re- closing force applied to the first side of the circular 

sponse to exhalation of a patient breathing through body portion by pressurized oxygen in the first cham- 

thc gas outlet to store pressurized oxygen in the bcr. 

first chamber so that oxygen pressure in the first 11. The apparatus of claim 9, wherein the conducting 

chamber acting against the first side of the dia- 50 means includes a housing, the housing is formed to 

phragm valve member will increase to move the include the fu^t chamber and the supply passageway, 

diaphragm valve member to its flow-blocking posi- the diaphragm valve member is arranged m the housing 

tion and opening the outlet means in response to to define a partition between the first chamber and the 

inhalation of a patient breathmg through the gas supply passageway, and the annular perimetral edge is 

outlet to vent pressurized oxygen in the first cham- 55 attached to the housing to support the circular body 

ber to the atmosphere through the outlet means so portion between the first chamber and the supply pas- 

that oxygen pressure in the first chamber will de- sageway to place the' first side in communication with 

crease to allow pressurized oxygen in the supply oxygen extant in the first chamber and the second side 

passageway to move the diaphragm valve member in communication with oxygen extant m the supply 

away from the valve seat to its flow-delivery posi- 60 passageway. 

tion. 12. The apparatus of claim 11, wherem the blocking 

2. The apparatus of claim 1, wherein the spring means means further mcludes spring means for yieldably bias- 
engages the second side of the diaphragm valve mem- mg the diaphragm valve member toward its flow-deliv- 
ber. ery position and the spring means includes one end 

3. The apparatus of claim 1, wherem the spring means 65 engaging the circular body portion and another end 
includes a coiled spring and the coiled spring is ar- engaging the housing. 

ranged in the supply passageway to cause pressurized 13. The apparatus of claim 11, wherein the spring 

oxygen to pass through the coiled spring as it is con- means is a coil spring in the supply passageway and the 
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coil spring includes one end engaging the second side of 
the diaphragm valve member and another end engaging 
the housing. 

14. The apparatus of claim 11, wherein the conduct- 
ing means includes an elongated conduit formed to 
include a portion of the supply conduit, the elongated 
conduit includes an inlet end receiving pressurized oxy- 
gen provided by the oxygen supply source and an outlet 
end providing the valve seat, the spring means is an 
elongated coil spring formed to include a hollow pas- 
sageway extending therethrough, the elongated conduit 
extends through the hollow passageway in the coil 
spring, and the coil spring includes one end engaging 
the second side of the diaphragm valve member and 
another end engaging the housing. 

15. The apparatus of claim H wherein the coil spring 
lies in the supply passageway in a position exposed to 
pressurized oxygen passing through the supply passage- 
way. 



10 
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IS 



chamber acting against the first side of the dia- 
phragm valve member will increase to move the 
diaphragm valve member to its flow-blocking posi- 
tion and opening the outlet means in response to 
inhalation of a patient breathing through the gas 
outlet to vent pressurized oxygen in the first cham- 
ber to the atmosphere through the outlet means so 
that oxygen pressure in the first chamber will de- 
crease to allow pressurized oxygen in the supply 
passageway to move the diaphragm valve member 
away from the valve seat to its flow-dehvery posi- 
tion, the blocking means further includes spring 
means for yieldably biasing the diaphragm valve 
member toward its flow-blocking position and the 
spring means lies in the first chamber. 

18. The apparatus of claim 17, wherein the spring 
means engages the first side of the diaphragm valve 
member. 

19. An apparatus for controlling discharge of oxygen 



16. The apparatus of daim 1, wherein the control 20 from an oxygen supply source to a patient through a 



30 



35 



means includes a vent i>assageway interconnecting the 
first chamber and the outlet means, a vent valve seat 
around the vent passageway, valve means for blocking 
flow of pressurized oxygen from the first chamber to 
the atmosphere throu^ the outlet means, the valve 25 
means being mounted for movement between an 
opened position disengaging the vent valve seat and a 
closed position engaging the vent valve seat, and means 
defining a venting control chamber in communication 
with the valve means for receiving and using positive 
pressure generated by a patient exhaling into the gas 
outlet to exert a closing force on the valve means so that 
the valve means is moved to its closed position, thereby 
preventing venting of pressurized oxygen in the first 
chamber to the atmosphere through the outlet means. 

17. An apparatus for oontroUing discharge of oxygen 
from an oxygen supply source to a patient through a 
breathing line coupled to the patient as the patient in- 
hales and exhales, the apparatus comprising 
means for conducting oxygen provided by an oxygen 40 
supply source through a supply passageway having 
a gas inlet for attachment to an oxygen supply 
source and a gas outlet for attachment to a breath- 
ing line, the conducting means including a valve 
scat in the supply passageway, 45 
means for storing a supply of oxygen extant in the 
supply passageway in a first chamber to develop a 
pressure head in the first chamber, the storing . 
means including inlet means for admitting oxygen 
from the supply passageway into the first chamber SO 
and outlet means for discharging oxygen from the 
first chamber to the atmosphere, 
means for selectively blocking flow of oxygen 
through the supply passageway from the gas inlet 
to the gas oudet, the blocking means including a 55 
flexible diaphragm valve member including a first 
side communicating with oxygen admitted into the 
first chamber and a second side facing the valve 
seat in the supply passageway, the diaphragm valve 
member being mounted for movement between a 60 
flow-blocking position engaging the valve seat in 
the supply passageway and a flow-delivery posi- 
tion disengaging the valve seat in the supply pas- 
sageway, and 

control means for closing the outlet means in re- 65 
sponse to exhalation of a patient breathing through 
the gas outlet to store pressurized oxygen in the 
first chamber so that oxygen pressure in the first 



breathing line coupled to the patient as the patient in- 
hales and exhales, the apparatus comprising 
means for conducting oxygen provided by an oxygen 
supply source through a supply passageway having 
a gas inlet for attachment to an oxygen supply 
source and a gas outlet for attachment to a breath- 
ing line, the conducting means including a valve 
seat in the supply passageway, 
means for storing a supply of oxygen extant in the 
supply passageway in a first chamber to develop a 
pressure head in the first chamber, the storing 
means including inlet means for admitting oxygen 
from the supply passageway into the first chamber 
and outlet means for discharging oxygen from the 
first chamber to the atmosphere, 
means for selectively blocking flow of oxygen 
through the supply passageway from the gas inlet 
to the gas outlet, the blocking means including a 
flexible diaphragm valve member including a first 
side conamunicating with oxygen admitted into the 
first chamber and a second side facing the valve 
seat in the supply passageway, the diaphragm valve 
member being mounted for movement between a 
flow-blocking position engaging the valve seat in 
the supply passageway and a flow-delivery posi- 
tion disengaging the valve seat in the supply pas- 
sageway, and 
control means for closing the outlet means in re- 
sponse to exhalation of a patient breathing through 
the gas outlet to store pressurized oxygen in the 
first chamber so that oxygen pressure in the first 
chamber acting against the first side of the dia- 
phragm valve member will increase to move the 
diaphragm valve member to its flow-blocking posi- 
tion and opening the outlet means in response to 
inhalation of a patient breathing through the gas 
outlet to vent pressurized oxygen in the first cham- 
ber to the atmosphere through the outlet means so 
that oxygen pressure in the first chamber will de- 
crease to allow pressurized oxygen in the supply 
passageway to move the diaphragm valve member 
away from the valve seat to its flow-delivery posi- 
tion, the inlet means being formed to include a 
bypass passageway communicating pressurized 
oxygen from the supply passageway to the first 
chamber and including a disk placed in the bypass 
passageway and formed to include aperture means 
for reducing flow rate of pressurized oxygen deliy- 
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ered to the first chamber through the bypass pas- blocking position and opening the outlet means in 

sageway. response to inhalation of a patient breathing 

20. The apparatus of claim 19, wherein the apparatus through the gas outlet to vent oxygen in the first 
further comprises a housing formed to include the con- chamber to the atmosphere through the outlet 
ducting means, the storing means, and disk-receiving 5 means so that pressure in the first chamber will 
means for receiving the disk in the bypass passageway decrease to allow pressurized oxygen in the supply 
to orient the disk so that it partitions the bypass passage- passageway to move the blocking means away 
way into an oxygen-conducting upstream portion com- from the valve seat to its flow-delivery position, 
municating with the supply passageway and an oxygen- 23. The apparatus of claim 22, wherein the apparatus 
conducting downstream portion communicating with 10 further comprises a housing formed to include the con- 
the first chamber and positions the aperture means to lie ducting means, the storing means, and disk-receiving 
in the bypass passageway and interconnect the oxygen- means for receiving the disk in the bypass passageway 
conducting upstream and downstream portions in fluid to orient the disk so that it partitions the bypass passage- 
communication. . way into an oxygen-conducting upstream portion com- 

21. The apparatus of claim 20, wherein the housing IS municating with the supply passageway and an oxygen- 
includes a first body, a second body, and means for conducting downstream portion conmiunicating with 
joining the bodies together at a parting line to form a the first chamber and positions the aperture means to lie 
unit, the first body is formed to include the supply pas- in the bypass passageway and interconnect the oxygen- 
sageway and at least a portion of the oxygen-conduct- conducting upstream and downstream portions in fluid 
ing upstream passageway, the second body is formed to 20 communication. 

include the first chamber and the oxygen-conducting 24. The apparatus of clmm 23, wherein the housing 
downstream passageway, and the disk-receiving means includes a first body, a second body, and means for 
is located in tiie housing and formed to include a disk- joining the bodies together at a parting line to form a 
receiving opening at the parting line that is exposed to unit, the first body is formed to include the supply pas-, 
receive a disk therein upon separation of the first and 25 sageway and at least a portion of the oxygen-conduct- 
second bodies at the parting line. ing upstream passageway, the second body is formed to 

22. An apparatus for controlling discharge of oxygen include the first chamber and the oxygen-conductmg 
from an oxygen supply source to a patient through a downstream passageway, and the disk-receiving means 
breathing line coupled to the patient as the patient in- is located in the housing and formed to include a disk- 
hales and exhales, the apparatus comprising 30 receiving opening at the parting line that is exposed to 

means for conducting oxygen provided by an oxygen receive die disk therein upon separation of the first and 

supply source through a supply passageway having second bodies at the parting Ime. 

a gas inlet for attachment to an oxygen supply 25. The apparatus of claim 22, wherein the blocking 

source and a gas outlet for attachment to a breath- means includes a movable flexible diaphragm valve 

ing line, the conducting means including a valve 35 member including a first side communicating with oxy- 

seat in l^e supply passageway, gen diverted into the first chamber and a second side 

means for storing a supply of oxygen extant in the facing the valve seat in the supply passageway, 

supply passageway in a first chamber to develop a 26. The apparatus of claim 22, wherein the control 

pressure head in the first chamber, the storing means includes a vent passageway interconnecting the 

means including inlet means for diverting pressur- 40 first chamber and the outlet means, a vent valve seat 

ized oxygen from the supply passageway into the around the vent passageway, valve means for blocking 

first chamber through a bypass passageway, a disk flow of pressurized oxygen from the first chamber to 

mounted in the bypass passageway and formed to the atmosphere through the outlet means, the valve 
include aperture means for reducing flow rate of means being mounted for movement between an 

pressurized oxygen delivered to the first chamber 45 opened position disengaging the vent valve seat and a 

through the bypass passageway, and outlet means closed position engaging the vent valve seat, and means 

for discharging oxygen from the first chamber to defining a venting control chamber in communication 

the atmosphere, with the valve means for receiving and using positive 

means for selectively blocking flow of oxygen pressure generated by a patient exhaling into the breath- 
through the supply passageway from the gas inlet 50 mg line to exert a closing force oh the valve means so 
to the gas outlet, the blocking means being that the valve means is moved to its closed position, 
mounted for movement between a flow-blocking thereby preventing venting of pressurized oxygen in the 
position engaging the valve seat in the supply pas- first chamber to the atmosphere through the outlet 
sageway and a flow-delivery position disengaging means. 

the valve seat in the supply passageway, and 55 27. The apparatus of claim 26, wherein the valve 

oontiol means for closing the outlet means m re- means includes a sensing diaphragm movable to engage 

sponse to exhalation of a patient breathmg through and disengage the vent valve seat and the ratio between 

the gas outlet to store pressurized oxygen in the the effective area of the sensing diaphragm and the 

first chamber so that oxygen pressure m the first effective area presented by the vent valve seat is about 

chamber acting against the blocking means will 60 35,000 to 1. 
increase to move the blocking means, to its flow- 
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